The intensity of scalar a 0 (980), f 0 (980) and tensor a 2 (1320), f 2 (1270) mesons production at VEPP-2000 (BINP, Novosibirsk) and the upgraded DAΦNE (Frascati, Italy) in the processes It turned out that in the VEPP-2000 energy region 1.7 − 2.0 GeV σ(e + e − → a 2 (f 2 )γ) ∼ 10 pb, and σ(e + e − → a 0 (f 0 )γ) ∼ 0.1 pb.
I. INTRODUCTION
Study of the nature of light scalar resonances is one of the central problems of nonperturbative QCD, it is important for understanding the chiral symmetry realization way in the low energy region and, consequently, the confinement physics. The a 2 (1320) and f 2 (1270) tensor mesons are well-known P-wavestates. Naively one might think that the scalar a 0 (980) and f 0 (980) mesons are also theP-wave states with the same quark structure, as a 2 (1320) and f 2 (1270), respectively. But now there are many indications that the above scalars are the four quark states.
Comparative study of the production of scalar and tensor mesons is proposed to investigate the nature of light scalar mesons. For this purpose the intensity of scalar a 0 (980), f 0 (980) and tensor a 2 (1320), f 2 (1270) mesons production at the colliders VEPP-2000 (BINP, Novosibirsk) and DAΦNE (LNF, Frascati) in the processes e + e − → Sγ, T γ (here and hereafter S = a 0 , f 0 ; T = a 2 , f 2 ) is calculated.
II. THE REACTIONS e + e − → a 0 γ → ηπ 0 γ AND e + e − → f 0 γ → π 0 π 0 γ
As it is known, the kaon loop model [1, 2] describe the
well [3] [4] [5] [6] [7] [8] [9] [10] [11] . The signal contribution is
where V are vector mesons. The signal cross-sections [12, 13] on the e + e − → K + K − in the Eqs. (4), (5) .
We took into account mixing of the resonances according to Ref. [14] . The m is the
are the inverse propagators of scalar mesons, they are taken from [9] and [11] (2012 paper) correspondingly. All parameters of the a 0 (980) and f 0 (980) are taken from [9] (Fit 1) and [11] (Fit 1 of the 2012 paper) correspondingly. The Eqs. (1) and (2) may be rewritten as
The photon angular distribution is
where θ is the angle between the γ momentum and the beam axis.
In Fig. 1 we show the σ(e + e − → K + K − → Sγ) cross-sections prediction, the mere VDM one (point-like V Sγ interaction) is shown also [15] . Points on Fig. 1 are obtained with the help of the experimental data [12, 13] on the e + e − → K + K − and Eqs. (4), (5) . Note 
III. THE REACTION
It is known that in the reaction γγ → f 2 → ππ tenzor mesons are produced mainly by the photons with the opposite helicity states. The effective Lagrangian in this case is
where A µ is a photon field and T µν is a tenzor f 2 field. So in the frame of Vector Dominance
Model we assume that the effective Lagrangian of the reaction f 2 → V V is [17] :
where
Note that ω, ω ′ and ω ′′ give ∼ 10% of the ρ, ρ ′ and ρ ′′ contribution in the amplitude, so then we neglect them: our current aim is to obtain estimates only. The ρ − ρ ′ − ρ ′′ mixing is omitted here also.
Assuming the VDM mechanism Σ e e a 2 , pb
We use the same parameters of the ρ, ρ ′ , ρ ′′ as for the e + e − → a 0 γ and e + e − → f 0 γ reactions. It is assumed that g f 2 ρρ ′ and other cross constants are suppressed due to small overlap of the spatial wave functions of ρ, ρ ′ and ρ ′′ . The f V is obtained from the relation
If one assumes that g f 2 ρρ = g f 2 ρ ′ ρ ′ = g f 2 ρ ′′ ρ ′′ , then the Fig. 2a is obtained.
The π 0 π 0 invariant mass m spectra is The elements of the f 2 spin density matrix at s = (1.5 GeV) 2 (see Table I ): a) ρ 22 (solid line), 
The elements of the f 2 spin density matrix at s = (2 GeV) 2 (see Table I ): a) ρ 22 (solid line),
Here z axis is along the direction of the tenzor meson momentum in the e + e − s.c.m., x is in the reaction plane and y is perpendicular to the reaction plane [19, 20] , ϑ is the polar angle and ϕ is the azimuthal angle.
After integration over ϕ one has
For the e + e − → a 2 γ we may use Lagrangians similar to Eqs. (7), (8):
and
where T µν is the a 2 field, V = ρ, ρ ′ , ρ ′′ and
Analogically one may write
a 2 γ cross section, neglecting a 2 ρω ′ , a 2 ρ ′ ω and other cross vertices due to small overlap of the spatial wave functions of ρ, ω ′ and ρ ′ , ω and so on:
= 1.00 ± 0.06 keV [18] .
Assuming g a 2 ρ ′′ ω ′′ = g a 2 ρ ′ ω ′ = g a 2 ρω gives Fig. 2b and ηπ 0 spectrum shown in Fig. 3b .
The angular distributions are the same as Eqs. (16) and (17) (with m f 2 → m a 2 substitution in Eqs. (14) and (15)).
IV. THE BACKGROUND SITUATION
Because of weakness of the signal cross-sections in the region 1.4 ÷ 2 GeV it is needed to treat the background situation accurately. The e + e − → f 0 γ → π 0 π 0 γ and e + e − → a 0 γ → ηπ 0 γ are expected to be too small to be observed themselves, but for e + e − → f 2 γ → π 0 π 0 γ and e + e − → a 2 γ → ηπ 0 γ it is possible to reduce background to the level much less than the signal one.
The background situation in case of e + e − → a 0 γ → ηπ 0 γ and e + e − → a 2 γ → ηπ 0 γ is rather friendly. The main background e + e − → ωπ 0 → ηπ 0 γ, obtained with the help of Ref. [21].
[21], is much less than the signal cross-section, see Figs. 2b, 6. Other backgrounds are even much smaller.
The main background in case of e + e − → f 0 γ → π 0 π 0 γ and e + e − → f 2 γ → π 0 π 0 γ reactions comes from the ωπ 0 intermediate state also. Fig. 3a shows that cut ±100 MeV from the ω mass in the π 0 γ distribution reduces this background to the small level.
V. CONCLUSION
Our analysis shows that it should be possible to observe the reactions e + e − → a 2 γ → ηπ 0 γ and e + e − → f 2 γ → π 0 π 0 γ at the energies near 2 GeV in VEPP-2000 after reaching the project luminosity and probably in DAΦNE after the planned full upgrade.
As to the reactions e + e − → a 0 γ → ηπ 0 γ and e + e − → f 0 γ → π 0 π 0 γ at the energies 1.7 − 2 GeV, in the kaon loop model their cross sections are very small, while if the mere VDM (point-like V Sγ interaction) was correct they would be observed, see Fig. 1 . Consequently, observation of tenzor contribution and non-observation of the scalar one would support the four quark nature of light scalar mesons [22] [23] [24] .
